Background: Transcatheter aortic-valve implantation (TAVI) is an established alternative therapy in patients with severe aortic stenosis and a high surgical risk.
Introduction
Aortic stenosis is a common valve disease in elderly patients, associated with a high risk of death, when untreated. 1 Surgical aortic valve replacement (sAVR) improves prognosis in patients with low surgical risk. 2 But many elderly patients with comorbidities are not appropriate candidates for sAVR. 3 Transcatheter aortic-valve implantation (TAVI) is an alternative option in these high-risk patients [4] [5] [6] [7] [8] [9] and is now routinely available for many patients.
In the PARTNER study, TAVI was superior to standard medical therapy in patients with severe aortic stenosis, who were not suitable for surgery. 5 It reduces rates of death and hospitalization, 6, 7 improves significantly health-related quality of life, 10 and is associated with an increase in functional status, [11] [12] [13] even in patients aged !80 years. 14 According to the German Aortic Valve Registry, there has been a rapid growth in its use, accounting for 38.5% of patients who underwent an aortic valve replacement in 2011. 15 Cardiac rehabilitation (CR) and physical activity are recommended treatments after cardiac valve surgery, [16] [17] [18] which positively improves morbidity, exercise capacity, and quality of life. 19, 20 Despite an increasing number of patients undergoing TAVI, there are very few data available about the efficacy of CR in these often multimorbid patients.
Therefore, the aim of this study was to evaluate the effect of CR on functional and emotional parameters in patients after TAVI in comparison to patients after sAVR in a propensity score-adjusted model.
Methods

Patients
From September 2009 to August 2011, 442 consecutive patients (69.94 AE 11.08 years; 61.3% men) after aorticvalve replacement due to severe aortic stenosis were referred for a 3-week inpatient CR to the Klinik am See, Germany, a rehabilitation centre for cardiovascular diseases. The patients had undergone a transcatheter approach (n ¼ 76: 42 transfemoral and 33 transapical) or a surgical aortic-valve replacement (n ¼ 366) in four different heart centres. In Germany all eligible patients after aortic valve replacement are offered a cardiac rehabilitation after discharge from hospital.
Data collection
Sociodemographic data, medical history, and clinical status of the admitted patients as well as all results of medical investigations, done in the rehabilitation centre, are recorded and stored in an electronic database. The stored data regarding patient characteristics as well as functional and emotional status of these patients were extracted and evaluated for this study retrospectively.
Rehabilitation programme
All patients underwent a structured rehabilitation programme, including individualized physical training, education, and psychological support. 18 Additional treatment during the rehabilitation stay was done depending on its necessity. Aerobic exercise consisted of training on a bicycle ergometer in different workload classes, depending on the initial exercise intensity, outdoor walking, gymnastics in groups or single, and resistance training of the lower extremities. All sessions were controlled by approved physical therapists and were performed each four or five times per week. Additionally, patients received an individual psychological support. The number of sessions depended on the need and wish of the patients. Psychological education also included stress management, Tai Chi, and progressive muscle relaxation.
Functional evaluation
The functional evaluation of the study patients comprised a 6-min walk test (6-MWT) and a cycle-exercise test, which are performed in all cardiac patients at admission and at discharge from CR. Standardized 6-MWT was performed with a distance-measuring device (Nestle Rolltachometer, Dornstetten, Germany). To evaluate the maximal exercise capacity, patients performed an individualized symptom-limited cycle test on a cycle ergometer (Cardiovit CS-200; Schiller, Germany) up to the submaximal predicted heart rate (85% of age-adjusted maximum heart rate). Under the supervision of a physician, the stress-test protocol started with 25 W followed by 25 W increase every 2 min until exhaustion. During the exercise test, a 3-lead ECG was recorded continuously to detect ischaemia or arrhythmias. Additionally, blood pressure was controlled every 2 min. The test was stopped, when the standard criteria for termination were reached.
Prior to the exercise test, all patients received a 12lead ECG and underwent a two-dimensional echocardiography to evaluate left ventricular function and valve haemodynamics using a 3S probe of Vivid 7 (GE Ving Med, Horten, Norway).
Emotional evaluation
The emotional status was evaluated using the validated German version of the standardized Hospital Anxiety and Depression Scale (HADS) at the beginning and end of CR. 21, 22 Patients with a HADS score !11 were offered an individual psychological support.
Statistical analysis
Qualitative (discrete) variables are reported as count and percentage, continuous variables as mean AE standard deviation. Baseline comparisons between groups were performed using chi-squared tests for discrete and t-tests for continuous variables. For better comparability, changes were expressed in percentage from baseline and analysed based on differences of log-transformed measurements. Changes within groups were tested using paired-sample t-tests for continuous variables. Since this was an observational study and patients were not randomized to treatment groups, we aimed to control for selection bias when evaluating the effect of treatment. Thus, following a backward variable selection procedure propensity scores (i.e. probability of a patient being assigned into the TAVI treatment group) were calculated based on the baseline variables and multivariable analyses were adjusted for this score. p-values 0.05 were considered significant. Statistical analyses were calculated using SAS 9.2 (Cary, NC, USA).
Results
Patient characteristics
Patients after TAVI were significantly older and more female than patients after sAVR (80.30 AE 6.15 vs. 67.78 AE 10.66 years and 57.9 vs. 33.7%; p < 0.001, respectively). They revealed more often a coronary heart disease (64.5 vs. 50.5%; p ¼ 0.027) or markedly renal failure with a glomerular filtration rate < 60 ml/ min (42.7 vs. 31.7%; p ¼ 0.067), underwent more often a pacemaker implantation (15.8 vs. 7.9%; p ¼ 0.032), and had a higher NYHA stage (p trend ¼ 0.003). Other comorbidities, such as chronic obstructive pulmonary disease (COPD), diabetes mellitus, and atrial fibrillation, were not significantly different between the two groups ( Table 1) Regarding emotional status, the two study groups showed no significant difference in the anxiety and depression score at baseline (anxiety: sAVR 5.29þ/À3.95 vs. TAVI 4.37þ/À3.26; p ¼ 0.157; depression: sAVR 5.40þ/À4.15 vs. TAVI 5.00þ/À3.82; p ¼ 0.550).
Calculation of propensity scores
For calculation of the propensity scores, a backward variable selection procedure was performed with all baseline variables. Weight at admission and age remained significant in the model and were used to calculate propensity scores.
Effect of cardiac rehabilitation on functional status
Following CR, the 6-MWT increased in both groups (Figure 1 and Table 2 ). In the propensity score-adjusted model, the change in the distance walked in the 6-MWT between admission and discharge was significantly lower in the TAVI group compared to sAVR patients (median, range: À15.89%, À5.53 to À25.09%; p ¼ 0.004).
Regarding exercise capacity, both groups profited from CR, showing significant increases (sAVR 26.72%, 21.62 to 32.02%, TAVI 19.84%, 4.76 to 37.08%; p < 0.001 and p ¼ 0.010, respectively; Figure 2 , Table 2 ). Comparing the two groups in the propensity score-adjusted model, however, there was no significant difference between the two procedures (p ¼ 0.076).
Effect of cardiac rehabilitation on emotional status
The evaluation of depression and anxiety in the two groups using HADS revealed a significant reduction in depression and anxiety at the end of CR after sAVR (-23.36%, À29.11 to À17.12% and À23.60%, À30.09 to À16.51%; p < 0.001 for both scores). Patients after TAVI showed no significant difference (p ¼ 0.117 and 0.134, respectively). After propensity score adjustment, there was no significant difference in depression symptoms in either group comparing the scores at admission and discharge from CR.
Discussion
According to the literature available, very few data have reported about the effect of CR on functional and emotional status in patients after TAVI. The main finding of our observational propensity-matched study was that CR was safe, feasible, and improved physical performance significantly, tested using 6-MWT and maximal exercise capacity, in these elderly, often multimorbid patients. These findings correlate with those reported recently in the only existing small observational single-centre study, which also showed that patients after TAVI improved in 6-MWT after CR. 23 
Effect of cardiac rehabilitation on functional status
In our study, the mean distance in the 6-MWT was significantly improved during CR in both groups. In the propensity score-adjusted model, the change in the distance walked in the 6-MWT between admission and discharge was significantly lower in the TAVI group compared to sAVR patients. The 6-MWT was chosen as a functional and an outcome measure test because the test is safe and feasible, even in elderly patients and after cardiac surgery. [24] [25] [26] [27] As a measure of functional capacity, the 6-MWT reflects more the requirements of activities of daily living when compared with other tests. 28 Patients after TAVI were significantly older, more often female, and had more concomitant diseases than patients after sAVR and therefore showed a significantly shorter mean distance in the 6-MWT at admission. Recent data from the PARTNER trial show that the baseline distance predicts long-term mortality. 29 Other studies have reported that the distance walked in the 6-MWT is inversely related to age 30, 31 and is affected by comorbidities 25, 32 and gender. 31 Altogether, both groups showed an improvement of more than 50 m, a margin, which was found to be representative for a clinically significant change in functional status in a former study. 33 At admission to rehabilitation, patients after sAVR showed higher exercise capacity compared to the patients after TAVI. Both groups increased their exercise intensity during rehabilitation significantly. However, the direct comparison of the groups after propensity score adjustment revealed a strong but nonsignificant trend in favour of sAVR. Compared to the 6-MWT, the exercise test requires more aerobic performance and this might be the reason for the different results regarding significance in the improvement in the two groups. This could be due to the older age and higher rate of comorbidities in patients after TAVI, which leads to a decline in maximal capacity exercise, but may also result from the different sample sizes of the two groups. In future studies, the functional decline should be assessed on the basis of a composite of variables (e.g. malnutrition, cognition, gait speed, or activities of daily living) to generate the frailty index which is most predictive of functional decline (e.g. prognosis). 34 
Effect of cardiac rehabilitation on emotional status
HADS was reported to be suitable in assessing symptom severity of anxiety disorders and depression. 35 In this study, the average levels of depressive and anxiety symptoms according to HADS-Scale at admission were relatively low ( Table 2 ) in conformity to usual values in cardiovascular patients.
Only patients after sAVR showed a significant improvement in anxiety symptoms during CR. At admission, patients after sAVR showed a trend of higher level of anxiety compared to patients after TAVI. This may be due to the fact that patients consider surgery as a more life-threatening event than interventional therapy. These patients showed a significant recovery at the end of CR. The provided education and psychological support during rehabilitation could have be a substantial impact on this process. Again, different sample sizes may be an alternative explanation. The direct comparison of the groups did not support the assumption of differences between the groups.
Regarding depressive symptoms, there was an improvement at discharge from CR in both groups, but without significance in the TAVI-Group. Depression score was relatively low at admission. For the majority of patients, a specific psychological therapy was not indicated. Therefore, no statistically significant reduction in depression score was to be expected, especially after only 3 weeks of rehabilitation. These results are in accordance with data of a former study in patients with coronary heart disease, which also revealed a nonsignificant improvement of depression symptoms during CR. 36 
Limitations
The description of the patients was focused on variables with functional consequences. Echocardiographic haemodynamic parameters were not reported. Although patients after TAVI were more morbid and older in comparison to sAVR, we did not include the EuroScore or STS score, as the scores are not appropriate for selecting the patients for TAVI. 37 This study was an observational, nonrandomized study. Since the data for this study were extracted and evaluated retrospectively from a database of our rehabilitation centre, one can assume that it reflects the effect of a usual rehabilitation programme offered.
Conclusions
The mostly elderly patients after TAVI with multiple comorbidities benefit from CR predominantly in functional performance. Although the improvement at the end of CR was less significant in comparison with younger patients after sAVR, CR is a helpful tool to maintain independency for daily-life activities and participation in socio-cultural life in patients after TAVI. For these patients, prospective multicentre studies including geriatric multidimensional evaluation (e.g. disability, cognitive and nutritional status, and frailty) are required to estimate the improvement of prognosis by CR more accurately.
